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La prfsente invention concemc un proc«<, ainsi qu'un disposiiif, de 
lubage d'un puits ou d'une canalisation. 

Pour le tubage d'un puits dc forage p^trolier. ou d'une canalisation, 
notanunent pour le (ou la) consoiider ou rdparer, tl a ddj& 6U propose des prtfomes 
tubulaires souplcs. en forme de manchons radialement expansibles. par gonflage sous 
reffet d'une prcssion interne, ct durcissables in situ ;de tellcs prdfotmes sont destinte i 
tut mises en place & I'itat radialement replid et/ou non expans< - <iat dans Icqucl clles 
possMcnt un cnoorabrement radial faiblc - puis i Mre diplides et/ou expans6es radiale- 
ment par application d" une pression inlirieure. avant d'etre durdes in situ, nolaniment par 
polymdrisation. 

Un systime de ce type est dterit par exemple dans le document 
WO 94/25655, selon Icquel la paroi de la pnSforme comprend une armature filamentaite ; 
cetle demifei* est foimtfe de fibres tressdes. par exemple en carbone ou en verre, le 
tressage autorisant I'expansion radiale et, corr61ativement. la rdtraction axiale dc 
I'ensemble au cours du gonflage. 

La rdsine peui Im une rdsine de type connu. durcissant sous I'effet dc la 
chalcur ou sous I'effet d'une rdaction chimiquc, par misc en contact avec un durcisscur. 

Lc systfeme qui fait robjet du document pr&atd est conslitud d'un outil 
intdrieur gonflable - appeld matrice -, autour duquel la prdformc est initialemcnt fixSe. Cet 
outil est airachable. Aprfts gonOage el durcissement de la pr6formc. qui vieot gamir la 
paroi intdrieure du puits ou de la canalisation, et adhdrer intimement k cette paroi. I'outil 
peut *tre anachd axialemcnt et rclird du puits ou dc la car^alisation. 

Le document FR-B-2 737 533 a pour objct un systime analogue 
perfeclionnd, dans Icquel une sine de bagues de contention frangiWes pennet le gonflage 
progressif de la prdforme. d'une extrtmit£ & I'autre. 

Dans les systfemes connus. la r&inc est incorporde, k I'dUt fluide. k 
I'intdfieur de la paroi de la prdformedis la fabrication de cette dernifcre. 

11 en rdsulic un certain nombre d'inoonvdnients. 

En premier lieu, dlant obscrvd que la nature dc la rdsine depend du puits ou 
de la canalisation k laquelle la prdfotme est destinde, chaque prdformc doit, au moment de 
sa fabrication, tire adaptde. non seulemcnt sur le plan de ses dimensions, mais aussi sur 
lc plan dc la nature de la rdsinc qu'dle contient. au puits ou k la canalisation en question. 

Ceci pose naturellement un probiime de stockage, de gesUon des stocks, 
ct done de d£lai d'intervcntion. 
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En deuxiime lieu, la prtsence de la r<$ine dans la paroi de la prffonne 
augmenie n&essairemenl les dimensions transversales (diamfttre) de la prtforme 
lorequ'cllc sc irouvc k I'^tat non gon(\6 ; ceci va & renconlre de la recherche d'une bonne 
compadtd. pcrmeitant de faire passer la pr^forme au-traveis de restrictions de petit 
5 diamitrcau moment desamise en place. 

En troisifeme lieu, s'agissanl d'une risioc thermodurcissable. un stockage 
k Cemp6niture ambiantc en unc longue pdriode peul entialncr Ic ddmanagc de la rdticula- 
tioa Get avancement non souhait^ de la rfticulation peut modifier le comportemeni de la 
risim. voire mfime inteidire son utilisation. Pour cela il est n^cessairc de conserver le 
10 produit dans un conieneur k temperature oontiAlte. y oompris durant le transport, oe qui 
pose bien entendu des probltoes pratiques et de coflt de revienL 

La prisente invention se propose de rteoudrt ces difficult^ 

I\>ur cela. I'id^ k la base de celte invention est de dissoder la r6sine de la 
paroi de la pr^forme, au moment de sa rabricaticm. I* incorporation de la r£sine dans la 
15 paroi se Taisant seulement sur le site, aprfes que la pr<fonne ait 6x6 introduite et position- 
o£c dans le ptiits ou la canalisation, en utitisant la pression absolue du puits (ou de la 
canalisation) pour faire migrer la r£sine dans la prerorme et ^viter toute formation de bulle 
d'air. 

L'invention s'adrcsse k une pr^forme en forme dc manchon souple et 
20 raifiaiement expansible et/ou d6pliable, du type rappel^ plus haut, dont la paroi comprend 
une armature niamenlaire. 

Le pixx6d6 selon l'invention consiste k injecter la rfeine k Tintirieur de la 
paroi, de telle sorte qu'elle vienne noyer la prffonne, aprfes mise en place dc cette demifere 
k I'int^iieur du puils, de prdfdrence apris gonflage el/ou d^pliement de la pr^forme. 
25 Le dispositif qui fait I'objct de l'invention est rcmarquable en ce qu'il 

comportc au moins un reservoir contenant unc r6sine fluide durdssable par polym<risa- 
tion, des moyens €iani pr<vus qui pcrmettent d'injccter in situ ccttc r^ine dans laditc 
paroi pour en impr^gner I 'armature niainentaire. 

Par ailieurs, selon un certain nombre de caract^risliques additionnelles. 
30 non limitativesde l'invention: 

- lesdits moyens d' injection de la rfaine comprennent un piston refouleur ; 

- lesdits moyens d'injecdon de la r^e comprennent une pompe ; 

- ic dispositif coroporte un outil dilatateur extractible autour duquel est 
rixtelaprtforme; 
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- rarmature filamentaire comprend des fibres textiles ou miialliques. par 
exemple des fibres de carbonc ou de vcne ; 

- ladite pompe est adaptdc pour prdlever dans le puits ou la canalisation le 
liquide ambiant pour actionner ledit piston, via un conduit qui est pourvu d'un clapet anti- 

S retour: 

- ladite r^sine est ihemioduicissable. 

Dans une varianle du dispoatif. celui-ci posside un rfaervoir qui comporte 
deux compartiments contenant respectivemcnt une tisint durdssable par r£action 
chimique et un durcisseur ou catalyseur auqucl rdagit cettc rfsine, des moyens pennettant 
10 I'injection simultan^e de ccs deux composants dans la parol de la prffonne, 

Selon une caracKristiquc additionnelle de rinvcntion, le rtservoir - qu'il 
possMe un ou plusieuis compartiments - est ind^ndant de la prtfformc et de son 
sysifcme de gonfiage. des moyens de connexion permctiant leur assemWage mutuel avant 
introduction dans le puits ou la canalisation. 
15 Selon unc autre caract^ristique. tl est pr<vu au moins une soupape. i 

travers laquellc se fait rinjectioo de la r6sinc Sa fonction est dc rdgulcr la pnession 
dif Krentielle entie I 'armature filamentaire et 1' int^eur du puits ou de la canalisation 

Dans le cas oii on a affaire h un outil dilatateur extractible, ledit riservoir 
avantageusement, est fixi h cet outil, de sorte qu'il est ^galement retir< en mSrac temps 
20 que ce dernier en fin d' op^tion. 

De pr^rerence ce rfeervoir a une forme g^ntode tubulairc, ct il est fix« 
coQxialcmcnl it I' une des extrfimitfe de 1' outil dilatateur. 

D'autrcs caract^ristiques et avantages dc I'invention apparatiront dc la 
description et des dessins annexfe qui en repr&entent ii titre d'exemple non limiutif, un 
25 mode de realisation pt6Kt€. Sur les dessins : 

- la figure 1 est une vue g£n£i<i)e schdmatique d'un dispositif conforme k 

I'invention ; 

- la figure 2 reprisente la pr^formc el son outil dilatateur. la partic 
supdrieure de la figure diani representee en coupe axiale et la partie inferieure etant 

30 representee "epluchee"; 

• la figure 3 est une section transversale correspondani au plan de coupe 
Ill-IIIdelafigureS; 

- la figure 4 est une vue en coupe axiale montrant le dispositif inUtiduit 
dans une canalisation, en vis-&-vis d'une portion de cette demifere qui poss6de une parol 

35 det<rior<e, par exemple percec. et qu'on souhaite tuber ; 
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- la figure 5 est unc vuc cn coupe axialc de la portion d'extrtmitd distale 
• en roccuneace l*extr£init£ basse • du dispositif ; 

- les figures 6 & 9 sont des vues simllaires k la figure 4, qui moatrent les 
dimrentes £tapes du processus de tubage ; 

5 - la figure 10 est une vue schtfmatique en coupe axiale similaire k la figure 

S, qui montre une vahante du dispositir, poss^dant un r^rvoir k deux compartiments. 

Le dispositif 1 illustri sur les figures 1 k 5 comprend udc prdrorme 1 
sdidaire d'un outil dilalateur 10. qu'ellc entoure. 

On a d<sign< par les r^f^nces 10a et 10b les portions d'extrtfmitis 
10 tronconique de I'outil. Get outil est un manchon tubulaire k membrane souple et tflastique 
contcnant un canal central longitudinal 100 dans lequel il est possible d'introduire un 
fluide sous prcssion. soit depuis la tfile de puils. soil par pompage du iiquidc present dans 
le puits ou la caitalisaticn. 

La paroi de la pr£forme est constitute de deux couches tubulaires 
15 concentriqucs 1 1 , 12. La couchc cKt6rieurc 12 est une pcau exteme en matiriau flasto- 
mtee^lastique. La couchc ll.empiisonn^eentrelacoucheextArieure 12eiroutil 10-qui 
ooDslilue eo quelque sorte la peau interne - est par exemple un tressage de fibres de 
carbone. 

On a d&ignt par la r^Krcnce 2 I'outil de pose ; cct outil contient les 
20 difT^rents instruments dectroniques de oontrMe de I'op^radon et. le cas 6cMant, la pompe 
de gonfiage de I'outil dilatateur. 

Get outil est fixi k la portion d'cxtrfmitd proximale 10a du dispositif - en 
I'occurrence son extrtmit* haute si on a affaire a un puits ou une canalisation de direction 
vcrticale. ou ayant une composante verticale -. 
25 De mani6re bien connue. I'ensemble du disposiUr est suspendu & une tige 

20 ; il s'agit d'une tige tubulaire destinte k fttre rclite k un apparcillagc situd en tfite de 
puits qui pcrmet d'introduire et de faire descendre I'ensemble dans le puits ou la 
canalisation et de les remonter k Texccplion de la prfforme en fin d'op6ralioa La tige 
tubulaire 20 contient les difTfrenlis conducteuis flectriques et ^ventuellement conduits de 
30 fiuide appropri^ qui pemiettent la liaison du diq?osltif avec la tKte de puits. 

L'extrtmiti distale 10b est relifc de manitre amovible k un r&ervoir 
tubulaire 3kV intfrieur duqud peut ooul isser axialement un piston 4. 

Le r&ervoir 3 se prolonge vers le bas par un organe de liaison 6 auquel est 
fixte une pompe 5. II s'agit d'une pompe dectrique connect^ par des conduOeurs, non 
35 reprfsent^s, qui peuvent passer k travers le corps de I'outil 10, k I'DUtil de pose 2. 
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La pompe 5 est adaptfc pour prilcvcr k I'int^rieur du puits ou de la 
canalisation le liquide ambiant - par exetnpte de I'cau ou du p6trole - pour le rcToulerdans 
le r^rvoir 3, en-dessous du piston 4, via un canal longitudinal GO formd dans I'organe 
6. 

S Le canal 60 communique avec I'ext^ieur par un clapet anti-retour 61 ; 

celui-ci est orients de manifere & permettre le passage du nuide present dans le puits ou la 
canalisation ven le canal €0 si la pression ext^rieure est supdrieure h la presston r6gnant 
dans ce canal ; il ne penmel pas. en revanche, r6:happement du nuide du canal 60 vets 
TextMeur. 

10 Sur la Tigure 5 on a d^signi par la r^f^rence 40 des joints d'^tancMit6 

annulaiies entouiant Ic piston 4 ; ils autodsent le coulissement axial Oanche du piston & 
TinKiicur de la paroi cylindrique 30 du ndseivoir 3. 

Sur cette memc figure, on notera la presence d'un collier de serrage 16, 
qui assure la rctenue du reservoir 3. et des il6menl5 6 et 3 dent il est solidaire. i 

IS rextr6mit£ du dispositif 1. 

On a d6sign6 par la rffdrcncc 3 1 la partie supdrieure du rtservoir 3. Celle- 
ci poss6de une portion d'extrCmit^ 310 qui estemnianchte k face dans un renfoncemcnt 
de paroi lOc formd k I'extr6mit6 basse de I'outil dilatateur 10 ; cette liaison estconfortde 
par la presence du collier 16 prteit£. 

20 La partie 3 1 bouche heim6tiquement I'extrdmit^ inf6rieurc du canal central 

100 de I'outil. Cette partie 3 1 est perc6e par des canaux longitudtnaux 32. En vis4k-vis dc 
chacun des canaux 32 - dont 1' un sculcment est visible sur la figure 5 - la paroi de Toutil 
10 est percte d'un canal similaire 14 qui se proionge par une gorge 15 - visible sur la 
figure 3 - bordant axialement la couche fibreuse annulaire 1 1. 

25 Dans rcxeraple illusirfi il est prfivu trois ensembles de canaux 32. 14 et de 

gorges 15, r6gulifcrement ripartis a 120*. Un nombre difTircnt peu naturellement 6tre 
prfvu. Ces passages peimeltent d'alimenter en rdsinc la couche 1 1 k partir du rfaervoir 3 
et dc r^partir convenaWement la r&ine au sein de la couche 1 1 de manifere k bien en 
imprtgnerl'annature niamentairc constitutive de cette couche. 

30 Lcs canaux 32 sont pourvus d'une soupape antiretour 320 k taragc 

riglable, qui autorise I'dchappement contnBW de la r&inc hors du rdscrvoir, et interdit un 
passage en sens inverse. 

Comme le monire plus particuliferement la figure 1. les parties 2. 1. 3, 6 et 
5 prolongeni coaxialemcnl, vers Ic has. la Ugc tubulaire 20, ccd sous une dimension 
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transversale faible, la plus grande dimension transversaJc corrcspondant au diamfctre de la 
partie 1. 

Ce diamfctre est bien entendu fonclion du diamfetre du puits ou de la 
canalisation & tuber. 

A litre indicatif, s'il s'agit d'unc canalisation ayant un diamMre de 
160 mm. le diamfttre initial de la partie I. a VHat iigonM est par exemple de I'ordre de 
60 & 100 mm. 

La longueur de la parte 1 d^pcnd de la longueur de la zone it tuber. 

Toujours i litre indicatif. celtc longueur est comprise cnlrc quelques mfctres 
et quelques dizaines de metres. 

Initialement, le dispositif 1 cstfabriqutf ct Iivr6 d&onnect^ du reservoir 3. 

La strucwre 11 n'est done pas imprtfgntfe de rtfsinc. Elle se trouve & la 
pression atmosphdtique. 

Le reservoir contient initialement la dose voulue de rdsine 7, k Vi\ai fluide. 
11 s'agit par exempic d'une rfcine polym^risable k chaud. Le piston 4 se trouve dans sa 
position basse en appui oonu^ I'^Ument 6 (position de la Hgurc S). 

II est done possible, en fonction des commandes et des besoins. d'associer 
k un dispositif 1 diff^rcnts riservoirs contenant des r^ines de nature et/ou de volume 
diffdtients. 

Le r&ervoir 3 peut ive conserve i Tabri de la chaleur. dans un conteneur 
approprii thermiquement isol^. voir rdfrigdrtf ; en revanche, I'ensemble constitu6 par la 
prdforme et I'outil dilauieur peutetre conserve k temperature amtonte. 

U connexion du r&ervoir 3 (et des <16ments 6 et 5 dont il est solidaire) k 
I'extr^mittf distale du dispositif 1 se fait sur le site, avant raise en place de la prtforme 
dans Ic puits ou dans la canalisation, ceci aprfes emboTtement de la partie 31 dans la partie 
10 ct misc en place du collier 16. 

Dans Texemple illusird. il s'agit de tuber une canalisation cylindriquc 
verticale C dont une zone Z est 66t6n<xU (voir figure 4). 

On commence par introduire et fairc descendr^ I'ensemble dans la 
canalisation C, en conrespondance avec la zone Z. 

G«n6ralement, un liquide est prdscnt k I'intdrieur de la canalisation, par 
exempledu pdtroie, s'il s'agit d'unc canalisation pitrdifcrc. 

Par suite du diffdrenlicl de pression negative qui rfegne enui la couchc 
fibieuse 11 et cc liquide, ce dernier peut pinitrer via le clapet anti-retour 61 dans le canal 
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60 ct rcpousscr le piston 4 vers Ic haul, chassant une ceitaine quantity dc rdsine & 
rint^ricur dc la couche 1 1 par Ics canaux 14 et les gorges 15. 

Get apport initial dc rdsine. sous Teffct dc la prcssion ambiante, est 
g^n^ralement compris entre 0 et 30% du volume de r&ine 7 iniiialement contenu dans le 
5 rtservoir. 

Ce volume est fonction de la valeur de tarage des soupapes 320 ainsi que 
de la structure de 1 'armature 1 1 . 

II convient de noter que lors de 1' introduction du dispositif dans la 
canalisation, et pendant la descente. la pression du liquide qui s'y trouve augmente. ce 
10 qui cr& un diff^ientiel de pression croissant entre la stnicture et le liquide. Ce diffircntiel 
nigatif est maintenu via la soupape 320. 

On opfere ensuitc le gonflagc dc la pr^forme. dc maniferc connuc. par 
amcn6c d' un fluidc sous pression P h T intdricur du canal 100. 

L'outil ou la prdfonne sonl avanlagcuscmcnl munis dc bagues frangiUes 
15 comme cela est enseignf par le FR-B-2 737 533 pr6cit<. Ainsi le gonflage se fait 
progressivement du bas vers le haul de la prtfforme (comparer les figures 6 et 7). 

De pr^r^rence, des reliefs resultant dc rainures annulaires 120 privues 
dans les portions d'extr6mit€ de la peau exteme 12 assurent un bon ancrage de la 
pr^forme centre la parol interiie de la canalisation C pendant le gonflagc. 
20 Bien entcndu, par suite de ce gonflage, on observe une retraction de la 

prtforme dans la direction axiale (laccourcissement). 

L' injection de rtsine se fait & la fin du gonflage. 

Pour cela, on met en marche la pompe 5 (via un systfemc dc commande 
incorportf dans la paxtic 2). Cellc-ci prdlfeve le liquide ambiant pr&enl dans la canalisation 
25 C, et la refoule dans le rdservoir 3, sous le piston 4. 

Ce dernier est done repoussd vers le haut (fltehe F. figure 7). refoulant k 
son tour la totality de la rfeine 7 dans la couche fibreuse 1 1. 

Le durcissement de la r€sinc peut alors s'opdrer. par apport de chaleur. 

Comme cxpliqud dans le WO 94/25655. ce chauffage peut se faire 
30 notamment par effet Joule, certains des fils constituant le tressagc de la couche 1 1 itant 
des nis chauffants qui sent alimentds en dnergie *lectrique it partir dc Toutil de contrftle 2. 

Une fois termini le durcissement, on ddgonfle l'outil, el on I'cxtrait de la 
prdforme durcic, qui reste adhdrcr It la caaalisaUon C, comme cela a 6t£ d«crit dans le 
document d6j&cit£. 
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Lc rtservoir de la figure 10 se distingue esscnlicllcmcnt dc cclui qui vient 
d'itre d6crit par le fait qu'il comporte deux compartiments parallfeles 34a, 34b, contenant 
chacun un piston mobile 4a, respecti vement 4b. 

U r6servoir 34a conUent une rtsine 7a dent le durcissement s'opfere par 
5 r6action chimique lorsqu'elie est in€lang6e k un composant rdactif (durcisseur ou 
catalyseur) 7b contenu dans le rfservoir 34b. 

Le canal 60 reliant la pompe 5 au r^rvoir 3 pr&ente unc bifurcation dont 
les branches 60a. 60b sont assocites. respectivemenU aux pistons 4a. 4b ; les canaux de 
sortie 32a, 32b de chaque r&ervoir se rejoignent pour former le canal de sortie 32 qui sc 
10 raccoide au canal 14 pr&:it6. 

On comprend ainsi que lorsque les pistons 4a et 4b sont d6plac6s vers le 
haut sous I'cffct du liquide provcnant du clapet 61 ou dc la pompe 5, ils refoulent 
simultanimenl la r6sine et le durcisseur, le melange de ces deux composants <tant 
distributf dans la couche 1 1 pour impr6gner rarmature rilamentaire. 
15 Le durcissement s'opfcre done aprSs injection de ces deux composants. La 

reaction peut 6tre activ6e par un apport de chaleur foumi par I'outil de pose, ou par la 
seule tempdrature du puits. 

En revanche tant que les deux composants sont isol6s dans leur comparti- 
ment respectif, il n'y a aucun risque de reaction mutuelle et, par cons&iucnt, il ne se pose 
20 pas de ptobl&me li6 au vieillissement de la r&ine, ni au stockage du riservoir. 

On ne sortirait pas du cadre de I'lnvention en pr6voyant un dispositif 
6quip6 d'une pompe apte & servir i la fois au gonflage de la prtforme ct & rinjection dc la 
rdsine. 

Par ailleurs. il serait possible de fixer le reservoir i rexirdmiid proximale, 
25 c'est-i-dire en partie supdrieure de la prtfonne, et non 4 son extr6mit6 distale. 

Enfin. dans le cas d'une r&ine thcrmodurcissable, il n'est pas toujours 
ndccssaire que le dispositif comporte des moyens de chauffage ; dans certains cas c'est la 
temperature du puits elle-memc qui suffit pour opdrer la polymerisation. 
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REVENDICATIONS 

1 . PTOc6d6 de tubage d'un puits ou d'une canalisation (C) au moyen d' une 
prtforme en forme de manchon soupk ct radiaicment expansible el/ou dfipliable. par 
gonHage sous I'effet d'une pression interne (P). et dent la paroi comprend une amature 
niamentaire (1 1} noy^e dans une rfsine fluide (7) duicissable in situ par poiymdrisation. 

5 caractiris^ par le fait qu'on injecte celle rfeine (7) dans ladite paroi <galement in situ, 
aptis mise en place de la prfforme k I'int^rieur du puits ou de la canalisation (C). 

2 . Procddi selon la ttvendication 1, caractiris^ par le fait qu'on injecte la 
ii6sine apiis gonflage et/ou d^pliement de la pr6fonne. 

3 . Disposttif de tubage d'un puits ou d'une canalisation (C) au moyen 
10 d' une pi^forme en forme de manchon souple el radialemenl expansible, gonflable sous 

I'effet d'une pression interne (P), et donl la paroi comprend une armature filamcntaire 
( 1 1), caract^ris^ par le fait qu'il comporte au moins un reservoir (3) contenant une r£sine 
fluide (7) durcissable par polymerisation, dcs moyens (32 : 14) <lant pr6vus qui 
permettcnt d'injecter in situ cette r6sine (7) dans ladite paroi pour en im|M<gner rarmature 
15 filamentaireCT). 

4 . Dispositif selon la revendication 3, caract^ris< par le fait que lesdits 
moyens d'injection de la r&ine (7) comprenneni un piston rcfoulcur (4). 

5 . Dispositif scion I'une des revcndications 3 ou 4. caract^ris^ par le fail 
que lesdits moyens d'injection de la rfsine comprenneni unc pompe (5), 

20 6 . Dispositif selon I'une dcs revcndications 3 il 5, caracttfris^ par le fail 

qu'il comporte un outil dilatateur extracaWe (10) autour duquel est fixtfe la prfforme. 

7 . Dispositif scion Tunc des revendicalions 3 i 6. caract^risi par le fait 
que I 'armature filamentaire ( 1 1) comprend des fibres textiles ou m^talliques. 

8 . Dispositif selon les revcndications 4 et 5 prises en combinaison, 
25 caract<ris< par le fait que ladite pompe (5) est adapts pour prflever dans le puits ou la 

canalisation le liquide ambiant ct pour actionner ledit piston (4). via un conduit (60) qui 
est pourvu d'un clapetantiretour(61). 

9 . Dispositif selon I'une des revcndications 3k8. caract^ris^ par le fait 
que ladite r6sine est thermodurcissable. 

30 10, Dispositif selon I'une des revendicalions 3^8, caract6ris< par Ic fait 

que ledit r&crvoir (3) comporte deux compartiments (34a. 34b) contenant respectivement 
une rdsine (7a) durcissable par riaction chimique et un durcisseur ou catalyseur (7b) 
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auqucl riagit cettc r€s\ne, des moycns (5 ; 4a ; 4b ; 32a. 32b ; 32 ; 14) permcttant 
I'injccUon simultan6e de ces deux composants dans la paroi de la pr<fonne. 

1 1 . DisposiUr selon Tune des revcndications 3 4 8. caiact6ris€ par Ic fait 
que le r^ervoir (3) est inddpendant de la prdfonne et de son systime de gonHage. des 

5 moycns de connexion (3 1 . IOC, 16) permcttant leur assemblage mutuel avant introduc- 
tion dans le puits ou la canalisation (C). 

1 2. Disposilir scion t'une des revcndications 3 & 8, caractdris^ par le fait 
qu'il comporte au moins une soupape (320) k travers laquelle se fait 1' injection de la 
r^sine. 

10 13. Dispositir selon les revendicatioris 6 ct 1 1 prises cn combinaison, 

canattiU par le faitque ledit reservoir (3) est 0x6 auditoutil dilatateur extract! ble (10). 

1 4. Dispositif selon la revendication 12, caract^ris^ par le fait que ledit 
reservoir (3) a une forme gin6ralc tubulairc, ct est fix6 coaxialemcnt k Tune des 
eai€xiut6s de Toutil (10). 
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54. METHOD AND DEVICE FOR CASING A WELL OR A CONDUIT 



57. The casing Is accomplished by means of a 
flexible sleeve-shaped preform that is radially 
expandable and/or unfoldable by Inflation under the 
effect of an internal pressure, the wall of which has 
a filament reinforcement (11) embedded In a fluid 
resin (7) that can be cured in situ by 
polymerization. 

According to the invention, the injection of the 
resin in the wall is also done in situ , after 
positioning the preform inside the well or 
conduit (C). 
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The present inventiim concerns a method and a device for casing a well or a conduit. 

For the casing of an oil well, or a pipe, particularly for strengthening or repairing the oil well or 
conduit, flexible tubular preforms have already been proposed that are sleeve-shaped, are radially 
expandable by inflation under the effect of an internal pressure and are curable in situ : such preforms are 
5 intended to be positioned in the radially folded and/or unexpanded state - state in which they have a small 
radial dimension - then unfolded and/or radially expanded by application of an interior pressure before 
being cured in situ , particularly by polymerization. 

A system of this t>pe is described for example in the document WO 94/25655, according to 
which the wall of the preform has a filament reinforcement; this reinforcing is formed from braided 
1 0 fibers, of carbon or glass for example, the braiding allowing the radial expansion, and correlatively, the 
axial shortening of the assembly during inflation. 

The resin can be a known type of resin, curing under the effect of heat or a chemical reaction, by 
being placed in contact with a hardener. 

The system that is the subject of the above-mentioned document is composed of an inflatable 
1 5 interior tool - called matrix - around which the preform is initially attached. This tool is extractable. After 
inflation and curing of the preform, the purpose of which is to line and adhere tightly to the interior wall 
of the well or conduit, the tool can be extracted axially and removed from the well or conduit. 

The purpose of document FR-B-2 737 533 is a similar, improved system in which a series of 
breakable restraining rings makes it possible to inflate the preform progressively from one end to the 
20 other. 

In known systems, the resin is incorporated, in fluid state, inside the wall of the preform when the 
preform is manufactured. 

This results in a number of disadvantages. 

In the first place, because the nature of the resin depends on the well or conduit for which the 
25 preform is intended, when each preform is manufactured it must be adapted - not only with respect to its 
dimensions, but also to the nature of the resin it contains - to the well or conduit in question. 

This naturally poses a problem of storage, inventory management, and therefore service response 

time. 
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In the second place, the presence of the resin in the wall of the preform necessarily increases the 
transverse dimensions (diameter) of the preform when it is in its uninflated slate. This runs counter to the 
search for good compactness to allow the preform to pass through restrictions of small diameter when it is 
being positioned. 

5 In the third place, because a heat-setting resin is involved, storage at ambient temperature for a 

long period of time can cause cross-linking to begin. This undesirable promotion of cross-linking can 
change the behavior of the resin and can even make it unusable. It is therefore necessary to preserve the 
product in a temperature-controlled container, including during transport, which obviously poses practical 
as well as production cost problems. 
1 0 The present invention proposes to resolve these difficulties. 

To accomplish this, the basic idea of this invention is to dissociate the resin from the wall of the 
preform when the preform is being manufactured, the resin only being incorporated into the wall on site 
after the preform has been inserted and positioned in the well or conduit, by using the absolute pressure of 
the well (or conduit) to cause the resin to migrate in the preform and prevent the formation of air bubbles. 
15 The invention concerns a flexible sleeve-shaped preform that is radially expandable and/or 

unfoldable, of the type considered above, the wall of which has a filament reinforcement. 

The method according to the invention consists of injecting the resin into the interior of 
the wall so that it floods the preform, after said preform has been positioned inside the well, preferably 
after the inflation and/or unfolding of the preform. 
20 The device according to the invention is noteworthy in that it comprises at least one reservoir 

containing a fluid resin curable by polymerization, means being provided that enable this resin to be 
injected in situ into said wall in order to impregnate the filament reinforcement. 

Moreover, according to a number of additional, non-limiting characteristics of the invention: 

- said means of injecting the resin include an extruder piston; 
25 - said means of injecting the resin include a pump; 

- the device has an extractablc expansion tool around which the preform is attached; 
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- the filament reinforcement is composed of textile or metallic fibers, for example carbon or glass 

fibers; 

- said pump is suitable for withdrawing the ambient liquid in the well or conduit in order to 
operate said piston, via a duct fitted with a non-return valve; 

5 - said resin is heat-setting. 

In one variant of the device, it has a reservoir with t^\'o compartments containing, respectively, a 
resin that is curable by chemical reaction, and a hardener or catalyst to which this resin reacts, means 
enabling the simultaneous injection of these two components into the wall of the preform. 

According to an additional charactenstic of the invention, the reservoir - whether it has one or 
1 0 more compartments - is independent of the preform and its inflation system, connection means making 
possible their mutual assembly prior to insertion into the well or conduit. 

According to another characteristic, it is provided with at least one valve through which the resin 
is injected. Its function is to regulate the differential pressure between the filament reinforcement and the 
interior of the well or conduit. 
1 5 When an extractable expansion tool is involved, said reservoir is advantageously attached to this 

tool so that it is withdrawn at the same time as the tool at the end of the operation. 

This reservoir preferably has a generally tubular shape and is coaxially attached to one end of the 
expansion tool. 

Other characteristics and advantages of the invention will appear from the description and 
20 attached drawings that represent a preferred embodiment thereof, by way of non-limiting example. In the 
drawings: 

- Figure I is a diagrammatic general view of a device according to the invention; 

- Figure 2 represents the preform and its expansion tool, the upper part of the figure being 
represented in axial cross section and the lower part being a "layered" representation; 

25 - Figure 3 is a transverse cross section corresponding to the cross-sectional plane III-III of Figure 

5; 

- Figure 4 is an axial cross-sectional view showing the device inserted into a conduit, opposite a 
portion thereof that has a damaged wall, punctured for example, and is to be cased; 



Copied from 10468719 on 05/26/2006 



4 



2780751 



- Figure 5 is an axial cross-sectional view of the distal end portion - in this instance the lower 
end - of the device; 

- Figures 6 to 9 are views similar to Figure 4, showing the different stages of the casing process; 

- Figure 10 is a diagrammatic view in axial cross section similar to Figure 5, which shows one 
5 variant of the device having a reservoir with two compartments. 

The device 1 illustrated in Figures 1 to 5 is composed of a preform 1 integral with an expansion 
tool 10, which it surrounds. 

References 10a and 10b designate the truncated end portions of the tool. This tool is a tubular 
sleeve of flexible and elastic membrane containing a central longitudinal channel 100 in which a fluid 
1 0 under pressure can be introduced, either from the wellhead or by pumping the liquid present in the well or 
conduit. 

The wall of the preform is composed of two concentric tubular layers 11, 12. The outer layer 12 is 
an external skin made of elastic elastomer material. The layer 1 1 , enclosed between the outer layer 1 2 and 
the tool 10 - which constitutes a sort of internal skin - is for example made of braided carbon fibers. 
15 Reference 2 designates the installation tool; this tool contains the various electronic instruments 

for controlling the operation and, when applicable, the inflation pump of the expansion tool. 

This tool is attached to the proximal end portion 10a of the device - in this instance its upper end, 
if the well or conduit is vertical or has a vertical component. 

In a well known manner, the device's assembly is suspended from a shaft 20. This shaft is tubular 
20 and is intended to be connected to equipment located at the wellhead to insert and lower the assembly into 
the well or conduit, and to lift it back out, minus the preform, at the end of the operation. The tubular 
shaft 20 contains the different electrical conductors and possibly appropriate fluid ducts for connecting 
the device to the wellhead. 

The distal end 1 Ob is removably connected to a tubular reservoir 3 inside which a piston 4 can 
25 slide axially. 

The reservoir 3 is extended downward by a connection component 6 to which a pump 5 is 
attached. This is an electric pump connected by wires, not represented, that can pass through the body of 
the tool 10 to the installation tool 2. 
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The pump 5 is suitable for removing the ambient liquid - for example water or oil - from the 
interior of the well or conduit in order to force it into the reservoir 3, below the piston 4, via a 
longitudinal channel 60 formed in the component 6. 

The channel 60 communicates with the outside by a non-return valve 61. This valve is oriented so 
5 as to allow the passage of the fluid present in the well or conduit toward the channel 60 if the external 
pressure exceeds the pressure present in the channel; by contrast, it does not allow the escape of the fluid 
from the channel 60 to the outside. 

In Figure 5 the reference 40 designates annular seal rings around the piston 4. They permit the 
sealed axial sliding of the piston inside the cylindrical wall 30 of the reservoir 3. 
1 0 In this same figure, the presence will be noted of a clamp 16 that holds the reservoir 3, and the 

parts 6 and 5 with which it is integral, to the end of the device 1 . 

The reference 31 designates the upper part of the reservoir 3. This part has an end portion 310 
that is force-fitted into a wall recess 10c formed at the lower end of the expansion tool 10; this connection 
is reinforced by the above-mentioned clamp 1 6. 
15 The part 31 hermetically seals the lower end of the central channel 100 of the tool. This part 31 

has longitudinal channels 32 that pass through it. Opposite each of the channels 32 - only one of which is 
visible in Figure 5 - the wall of the tool 10 has a similar channel 14 passing through it, which channel is 
extended by a groove 15 - visible in Figure 3 - axially bordering the annular fibrous layer 11. 

In the example illustrated, three sets of channels 32, 14 and grooves 15, evenly distributed at 
20 120°, are provided. Naturally, a different number can be provided. These passages make it possible to 
supply the layer 1 1 with resin from the reservoir 3 and to distribute the resin properly in the layer 11 so as 
to impregnate the filament reinforcement that comprises this layer. 

The channels 32 are provided with an adjustable rate non-return valve 320, which allows the 
controlled escape of the resin from the reservoir, and prevents passage in the opposite direction. 
25 As is shown more particularly in Figure 1, the parts 2, 1, 3, 6 and 5 extend the tubular shaft 20 

coaxially downward, with a smaller transverse dimension. 
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the largest transverse dimension pertaining to the diameter of part 1 . 

This diameter, of course, is a function of the diameter of the well or conduit to be cased. 

By way of example, if a conduit is involved that has a diameter of 160 mm, the initial diameter of 
the part 1, in deflated state, is for example on the order to 60 to 100 mm. 
5 The length of the pari 1 depends on the length of the area to be cased. 

Again by way of example, this length can be between a few meters and several tens of meters. 

Initially the device 1 is manufactured and delivered disconnected from the reservoir 3. 

The structure 1 1 is therefore not impregnated with resin. It is at atmospheric pressure. 

The reservoir initially contains the desired amount of resin 7, in tluid state. For example, this can 
10 be a heat-setting resin. The piston 4 is in its lowered position resting against the component 6 (position as 
in Figure 5). 

It is therefore possible, depending on the orders and needs, to associate different reservoirs with a 
device 1 , these reservoirs containing resins of different type and/or volume. 

The reservoir 3 can be kept away from heat, in an appropriate thermally-insulated container, or 
1 5 even refrigerated. Ln contrast, the assembly composed of the preform and the expansion tool can be kept 
at ambient temperature. 

The connection of the resen'oir 3 (and of the components 6 and 5 with which it is integral) at the 
distal end of the device 1 is made on the site, before placing the preform in the well or conduit, after 
fitting the part 31 into the part 10 and installing the clamp 16. 
20 In the example illustrated, a vertical cylindrical conduit C is to be cased, one section Z of which 

is damaged (see Figure 4). 

The assembly is first inserted and lowered into the conduit C until it is aligned with the section Z. 
Generally, a liquid is present inside the conduit, oil for example, if it is an oil conduit. 
As a result of the negative pressure differential between the fibrous layer 1 1 and this liquid, the 
25 liquid can penetrate through the non-return valve 61 into the channel 
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60 and push the piston 4 upward, forcing a certain amount of resin inside the layer 1 1 by the channels 14 
and the grooves 15. 

This initial amount of resin, under the effect of the ambient pressure, is generally between 0 and 
30% of the volume of resin 7 initially contained in the reservoir. 
5 This volume depends on the rate at which the valves 320 are set, as well as on the structure of the 

reinforcement 11. 

It should be noted that during the insertion of the device into the conduit, and during its descent, 
the pressure of the liquid contained therein increases, thus creating an increasing pressure differential 
bet^veen the structure and the liquid. This negative differential is maintained via the valve 320. 
1 0 The preform is then inflated, in a known way, by feeding a fluid under pressure P into the channel 

100. 

The tool or the preform are advantageously fitted with breakable rings, as indicated in the above- 
mentioned FR-B-2 737 533. Thus, the inflation is done progressively from the bottom to the top of the 
preform (compare Figures 6 and 7). 
15 Preferably, bulges resulting from annular grooves 120 made in the lower portions of the outer 

skin 12 provide a good anchoring of the preform against the inner wall of the conduit C during the 
inflation. 

Of course, following this inflation, there is a retraction of the preform in the axial direction 
(foreshortening). 

20 The injection of resin is done when the inflation is completed. 

To do this, the pump 5 is started (by a control system incorporated in the part 2). This pump 
removes the ambient liquid present in the conduit C and forces it into the reservoir 3, under the piston 4. 

This piston is therefore pushed upward (arrow F, Figure 7), in turn forcing all of the resin 7 into 
the fibrous layer 1 1. 
25 The curing of the resin can then be done by providing heat. 

As explained in WO 94/25655, this heating can be done in particular by the Joule effect, some of 
the wires comprising the braided layer 1 1 being heating wires that are fed with electrical energy from the 
control tool 2. 

When the curing is completed^ the tool is deflated and extracted from the hardened preform, 
30 which remains fast against the conduit C, as described in the above-mentioned document. 



Copied from 10468719 on 05/26/2006 



2780751 



The reservoir in Figure 10 is distinguished essentially from the one just described, by the fact that 
it has two parallel compartments 34a, 34b, each containing a movable piston 4a, 4b, respectively. 

The reservoir 34a contains a resin 7a, the curing of which is done by chemical reaction when it is 
mixed with a reactive component (hardener or catalyzer) 7b contained in the reservoir 34b. 
5 The channel 60 connecting the pump 5 to the reservoir 3 has a bifurcation, the branches 60a, 60b 

of which are associated with the pistons 4a, 4b, respectively; the outlet channels 32a, 32b of each 
reservoir join to form the outlet channel 32 that connects to the above-mentioned channel 14. 

Thus, when the pistons 4a and 4b are moved upward under the effect of the liquid coming from 
the valve 61 or the pump 5, they simultaneously force the resin and the hardener, the mixture of these two 
1 0 components being distributed in the layer 1 1 in order to impregnate the filament reinforcement. 

The hardening therefore occurs after injection of these two components. The reaction can be 
activated by supplying heat furnished by the installation tool, or simply by the temperature of the well. 

By contrast, as long as the two components are isolated in their respective compartments, there is 
no risk of mutual reaction and consequently no problem related to the aging of the resin or the storage of 
1 5 the reservoir. 

It would not be going beyond the scope of the invention to provide a device equipped with a 
pump that could be used both to inflate the preform and to inject the resin. 

Moreover, it would be possible to attach the resen'oir to the proximal end, that is, to the upper 
part of the preform, and not to its distal end. 
20 Finally, for a heat-setting resin, it is not always necessary that the device have heating means; in 

some cases the temperature of the well itself is sufficient for polymerization to occur. 
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CLAIMS 

1. Method of casing a well or conduit (C) by means of a flexible slecvc-shapcd preform that is 
radially expandable and/or unfoldable, by inflation under the effect of an internal pressure (P), the wall of 
which has a filament reinforcement (11) embedded in a fluid resin (7) that can be cured in .. sit" by 

5 polymerization, characterized by the fact that this resin (7) is also injected in situ , after the preform has 
been positioned inside the well or conduit (C). 

2. Method according to claim 1 , characterized by the fact that the resin is injected after inflation 
and/or unfolding of the preform. 

3. Device for casing a well or conduit (C) by means of a flexible sleeve-shaped preform that is 
1 0 radially expandable, inflatable under the effect of an internal pressure (P), the wall of which has a 

filament reinforcement (1 1), characterized by the fact that it has at least one reservoir (3) containing a 
fluid resin (7) curable by polymerization, means (32; 14) being provided that enable this resin (7) to be 
injected in situ into said wall in order to impregnate the filament reinforcement (7) [sic: (11)]. 

4. Device according to claim 3, characterized by the fact that said means of injecting the resin (7) 
1 5 include an extruder piston (4). 

5. Device according to either of claims 3 or 4, characterized by the fact that said means of 
injecting the resin include a pump (5). 

6. Device according to any of claims 3 to 5, characterized by the fact that it has an extractable 
expansion tool (10) around which the preform is attached. 

20 7. Device according to any of claims 3 to 6, characterized by the fact that the filament 

reinforcement (11) is composed of textile or metallic fibers. 

8. Device according to claims 4 and 5 taken in combination, characterized by the fact that said 
pump (5) is suitable for withdrawing the ambient liquid in the well or conduit and for operating said 
piston (4), via a duct (60) that is fitted with a non-return valve (61). 

25 9. Device according to any of claims 3 to 8, characterized by the fact that said resin is heat- 

setting. 

10. Device according to any of claims 3 to 8, characterized by the fact that said reservoir (3) has 
two compartments (34a, 34b) containing, respectively, a resin (7a) that is curable by chemical reaction 
and a hardener or catalyst (7b) 

30 
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to which this resin reacts, means (5; 4a; 4b; 32a, 32b; 32; 14) enabling the simultaneous injection of these 
two components into the wall ofthe preform. 

11. Device according to any of claims 3 to 8, characterized by the fact that the reservoir (3) is 
independent ofthe preform and its inflation system, connection means (31, IOC, 16) making possible 

5 their mutual assembly prior to insertion into the well or conduit (C). 

12. Device according to any of claims 3 to 8, characterized by the fact that it is provided with at 
least one valve (320) through which the resin is injected. 

13. Device according to claims 6 and 11 taken in combination, characterized by the fact that said 
reservoir (3) is attached to said extractable expansion tool (10). 

1 0 14. Device according to claim 12, characterized by the fact that said reservoir (3) has a generally 

tubular shape and is coaxially attached to one end of the expansion tool (10). 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
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IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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